Excitation energies of the ns, np j , nd j , nf j , and ng j states with n ഛ 7 in neutral potassium are evaluated. First-, second-, third-, and all-order Coulomb energies and first-and second-order Coulomb-Breit energies are calculated. Reduced matrix elements, oscillator strengths, transition rates, and lifetimes are determined for levels up to n = 9 -12. Electric-dipole ͑4s 1/2 -np j , n =4-26͒, electric-quadrupole ͑4s 1/2 -nd j , n =3-26͒, and electric-octupole ͑4s 1/2 -nf j , n =4-26͒ matrix elements are calculated to obtain the ground state E 1 , E 2 , and E 3 static polarizabilities. Scalar and tensor polarizabilities for the 4p j excited state in K I are also calculated. All the above-mentioned matrix elements are determined using the all-order method. We also investigate the hyperfine structure in 39 K. The hyperfine A values are determined for the first low-lying levels up to n = 7. The quadratic Stark effect on hyperfine structure levels of the 39 K ground state is investigated. The calculated shift for the ͑F =2, M =0͒ ↔ ͑F =1, M =0͒ transition is found to be −0.0746 Hz/ ͑kV/ cm͒ 2 , in agreement with the experimental value −0.071Ϯ 0.002 Hz/ ͑kV/ cm͒ 2 . These calculations provide a theoretical benchmark for comparison with experiment and theory.
I. INTRODUCTION
We report results of ab initio calculations of excitation energies, lifetimes, hyperfine constants, and polarizabilities in neutral potassium. The lifetime of the potassium 5p 1/2 state was recently measured by pulsed excitation followed by nonresonant photoionization to monitor the state population ͓1͔. The authors of this paper underlined that measurements of lifetimes of atomic alkali-metal states provide useful tests of many-body ab initio wave functions. Very recently, the theoretical and experimental values of the 5f, 6f, 7f, and 8f radiative lifetimes of neutral potassium were reported ͓2͔. The experiment was performed in a cell using time-resolved fluorescence spectroscopy. The nf states were excited stepwise, 4s → 4p → nf, using two pulsed synchronous dye lasers for the dipole and quadrupole transitions, respectively. The reduced matrix elements for all allowed electric-dipole nf 5/2 -nЈd 5/2 , nf 5/2 -nЈd 3/2 , and nf 7/2 -nЈd 5/2 transitions with n =5-8 in K were calculated using the relativistic linearized coupled-cluster method with single and double excitations of Dirac-Fock wave functions included to all orders in manybody perturbation theory ͓2͔.
Relativistic many-body calculations of energy levels, hyperfine constants, electric-dipole matrix elements, and static polarizabilities for alkali-metal atoms were presented by Safronova et al. ͓3͔ . Only a few low-lying states were considered in that work ͓3͔. In the present paper, the relativistic all-order method is used to calculate the atomic properties of neutral potassium for the ns, np j , nd j , nf j , and ng j ͑n ഛ 12͒ states. We evaluate a large number of transition matrix elements to calculate lifetimes of the ns 1/2 ͑n =5-12͒, np j ͑n =4-12͒, nd j ͑n =4-10͒, and nf j ͑n =4-9͒ states, and E 1 , E 2 , and E 3 ground-state polarizabilities.
Previously, the potassium atom has been studied in a number of experimental ͓4-29͔ and theoretical ͓30-42͔ papers. First experimental measurements were published more than 50 years ago by Stephenson ͓4͔ . The lifetimes of the 4p 1/2,3/2 ͑27.1Ϯ 0.9 ns͒ states were measured using a magnetic rotation method. Some years later, the hyperfine structure of 39 K in the 4p 1/2,3/2 states was measured using the atomic-beam magnetic resonance method ͓5͔. Measurements of the electric polarizability of potassium were presented by Salon et al. in 1961 ͓8͔ . The atomic beam E-H gradient balance method was used in Ref. ͓8͔ .
The radiative lifetimes of the 7s-11s and 5d-9d states of potassium measured by means of time-and wavelengthresolved laser-induced-fluorescence approaches were presented by Gallagher and Cooke ͓19͔. Those measurements were repeated later by Hart and Atkinson ͓25͔. In that paper, radiative lifetimes of the 6s-12s, 3d, and 5d-10d excited states in potassium were measured by time-resolved laserinduced fluorescence using two-photon excitation. Hart and Atkinson ͓25͔ noted that their results were systematically smaller than those of Gallagher and Cooke ͓19͔. Precise determination of the dipole matrix elements and radiative lifetimes of the 39 K 4p 1/2 and 4p 3/2 states by photoassociative spectroscopy was presented recently by Wang et al. ͓28͔ .
Hyperfine structure of the first excited 4p 3/2 and 5p 3/2 states of 39 K measured using the optical level-crossing method was presented by Schmieder et al. ͓11͔ . Cascade radio-frequency spectroscopy was used to determine the hyperfine structures of the excited 5s and 6s states of the stable potassium isotopes ͓14͔. Using the optical double resonance and level crossing methods, the properties of several excited ͑5d j , 6d j , 6p j , 7p j , 8s, and 10s͒ states in 39 K were studied by Belin et al. ͓17͔ . The ns and nd states were populated using stepwise excitation with the first np state used as an intermediate level ͓17͔. Hyperfine quantum-beat spectroscopy was utilized in a pump-probe configuration to measure magnetic dipole ͑A͒ and electric quadrupole ͑B͒ coupling constants in the 3d 3/2,5/2 levels of three isotopes of potassium ͑ 39 K, 40 K, 41 K͒ ͓27͔. For many of these levels, the largest hyperfine splitting is smaller than the natural width, therefore a subnatural linewidth technique was used by Sieradzan et al. ͓27͔ .
Measurements Migdalek and Kim to calculate oscillator strengths in neutral potassium, rubidium, and cesium ͓38͔. In that paper, the authors demonstrated that the spin-orbit interaction cannot be solely responsible for the observed anomalous ratios of the oscillator strengths in those systems. They concluded that the anomalous ratios result from the interplay of spin-orbit interaction, core-valence electron correlation ͑core polarization͒, and cancellations in transition integrals.
One of the first high-precision ab initio calculations of atomic properties of alkali-metal atoms was presented by Johnson et al. ͓37͔ . Third-order many-body perturbation theory was used to obtain E1 transition amplitudes for ions of the lithium and sodium isoelectronic sequences and for the neutral alkali-metal atoms from potassium to francium. Complete angular reductions of the first-, second-, and thirdorder amplitudes were given. For neutral alkali-metal atoms, amplitudes of the np 1/2 → ns 1/2 , np 3/2 → ns 1/2 , ͑n +1͒s 1/2 → np 1/2 , and ͑n +1͒s 1/2 → np 3/2 transitions, where n is the principal quantum number of the valence electron in the atomic ground state, were evaluated ͓37͔. Ground-and excited-state energies, ionization potentials, and electron affinities were calculated for all the alkali-metal atoms using the relativistic Fock-space singles-doubles coupled-cluster ͑CCSD͒ method in Ref. ͓43͔. High-accuracy calculation of the removal energies of Rb, Cs, Fr and element 119 was carried out in Ref. ͓44͔ using the CCSD method starting from Dirac-Coulomb-Breit Hamiltonian. We already mentioned above the relativistic many-body calculations of atomic properties for alkali-metal atoms presented by Safronova et al. ͓3͔ . Those calculations were carried out using the relativistic single-double ͑SD͒ method in which single and double excitations of Dirac-Fock wave functions are included to all orders of perturbation theory. Using SD wave functions, accurate values of removal energies, electricdipole matrix elements, hyperfine constants, and static polarizabilities were obtained ͓3͔.
In the present work, we also use the relativistic singledouble method, however we increase the number of basis-set orbitals up to 70 instead of 40 used in ͓3͔ to increase the number of states considered. We use B-splines ͓45͔ to generate a complete set of Dirac-Fock ͑DF͒ basis orbitals for use in the evaluation of all atomic properties. The present calculation of the lifetimes and polarizabilities required accurate representation of rather highly excited states, such as 6l j -13l j , leading to the use of the large R = 220 a.u. cavity for the generation of the finite basis set and higher number of splines to produce high-accuracy single-particle orbitals.
The main motivation for this work is to provide recommended values for a number of atomic properties via a systematic high-precision study for use in planning and analysis of various experiments as well as theoretical modeling. Another motivation is to study the methods to accelerate convergence of the all-order iterative scheme for the nd states. We have tested an approach that significantly reduced the time required for the calculation of the all-order excitation coefficients without loss of accuracy. Moreover, our tests demonstrate the improvement of the accuracy over the original scheme. Such a method is of importance to evaluating the properties of the nd states in heavy systems where the calculation time is significant or for a combination of the allorder and configuration-interaction methods where the calculations have to be carried out for a large number of states.
II. THIRD-ORDER AND ALL-ORDER CALCULATIONS OF ENERGIES
Energies of nl j states in K I are evaluated for n ഛ 7 and l ഛ 3 using both third-order relativistic many-body perturbation theory ͑RMBPT͒ and the single-double ͑SD͒ all-order method discussed in Ref. ͓47͔ , in which single and double excitations of Dirac-Fock ͑DF͒ wave functions are iterated to all orders. Results of our energy calculations are summarized in Table I . Columns 2-8 of Table I Table I ; smaller ͑about 4 -6 cm −1 ͒ contributions are obtained for the 3d, 4p, and 4d states and much smaller contributions ͑0.5-1.5 cm −1 ͒ are obtained for n = 5 states.
Owing to numerical complexity, we restrict l ഛ l max =6 in the E SD calculation. As noted above, the second-order contribution dominates E SD ; therefore, we can use the extrapolated value of the E ͑2͒ described above to account for the contributions of the higher partial waves. Six partial waves are also used in the calculation of E ͑3͒ . Since the asymptotic l dependences of the second-and third-order energies are similar ͑both fall off as l −4 ͒, we use the second-order remainder as a guide to estimate the remainder in the third-order contribution. The term E extra ͑3͒ in Table I , which accounts for that part of the third-order MBPT energy missing from the SD expression for the energy, is smaller than E ͑3͒ by an order of magnitude for the states considered here.
The column labeled ␦E SD in Table I gives differences between our ab initio results and the experimental values ͓46͔.
The SD results agree better with measured values than do the third-order MBPT results ͑the ratio of ␦E ͑3͒ / ␦E SD is about 10 for some of cases͒, illustrating the importance of fourth-and higher-order correlation corrections.
III. ELECTRIC-DIPOLE MATRIX ELEMENTS, OSCILLATOR STRENGTHS, TRANSITION RATES, AND LIFETIMES IN NEUTRAL POTASSIUM

A. Electric-dipole matrix elements
The calculation of the transition matrix elements provides another test of the quality of atomic-structure calculations and another measure of the size of correlation corrections. Reduced electric-dipole matrix elements between low-lying states of K I calculated in the third-order RMBPT and in the all-order SD approximation are presented in Table II Table II are obtained using the length form of the matrix elements. Length-form and velocity-form matrix elements differ typically by 5-20 % for the DF matrix elements and 2-5 % for the second-order matrix elements in these calculations.
Electric-dipole matrix elements evaluated in the all-order SD approximation are given in columns labeled Z ͑SD͒ of Table II . The SD matrix elements Z ͑SD͒ include Z ͑3͒ completely, along with important fourth-and higher-order corrections. The fourth-order corrections omitted from the SD matrix elements were discussed recently in ͓57͔. The Z ͑SD͒ values are smaller than the Z ͑DF+2͒ values and larger than the Z ͑DF+2+3͒ values for some transitions given in Table II .
To obtain the all-order matrix elements, we first need to calculate the all-order excitation coefficients using an iterative procedure ͓3͔. The correlation contributions to matrix elements are linear of quadratic functions of the excitation coefficients. The iteration procedure is terminated when the relative change in the correlation energy in two consecutive iterations is sufficiently small ͑10 −5 in the present calculations͒. While the ns and np state calculations require just a few iterations, the iterative procedure for the nd state in general converges very slowly requiring over 20 iterations owing to large correlation corrections leading to large oscillations of energy values in subsequent iterations. The resulting values of energies are also in relatively poor agreement with experiment, again, owing to large correlation corrections from excluded triple-and higher-excitation terms. The correlation corrections for most of the transition properties of the nd states are dominated by the term containing the single valence excitation coefficients that are closely related to the correlation energy ͓58͔. In fact, it has been demonstrated ͑see ͓58-60͔ and references therein͒, that scaling of the single excitation coefficients with the exact correlation energy value ͑i.e., multiplying the single valence excitation coefficients mv by the ratio of the "experimental" to corresponding theoretical correlation energy values and recalculating the matrix element values with modified coefficients͒ leads to more precise results. Therefore, if the excitation coefficients correspond to accurate energies, the corresponding transition matrix elements involving nd states are expected to be more accurate. To verify this statement, we have made two different calculations for the nd states. First, we continued iteration until the energy sufficiently converged ͑after 23 iterations͒. Secondly, we stopped the iteration procedure at the point where the correlation energy is the closest to its experimental value, which happens after only three iterations owing to large oscillations of the energy values. We note that each iteration essentially picks up one more order of perturbation theory in each correlation term. We note that the energy after three iterations is much closer to the experimental value than the final result. Finally, we carried out the scaling procedure of the single excitation coefficients in both cases. A summary of these results and comparison with the recommended values obtained from the experimental Stark shifts in Ref. ͓54͔ for the 4p-3d transitions is given in Table III. This table confirms our earlier supposition that ending the iteration procedure at the correct energy value would produce more accurate results for the transition properties of the nd states, while significantly reducing the required computation time.
B. Transition rates, oscillator strengths, and line strengths in potassium
Transition rates A r ͑s −1 ͒, oscillator strengths ͑f͒, and line strengths S ͑a.u.͒ for the 4p j -ns, 4p j -nd j Ј , 3d j -np j Ј , and 3d j -nf j Ј transitions in K I calculated in the SD approximation are summarized in Table IV . To provide recommended values for these properties, we carried out the scaling procedure described above where appropriate. We use recommended NIST energies ͓46͔ in the calculation of the transition rates A r and oscillator strengths f. In Table IV , we divide transitions into groups according to the initial state for better presentation. We evaluate the 4s-np j and 4p j -ns transitions with n up to n = 13, the 3d j -np j Ј transitions up to n = 12, the 4p j -nd j Ј transitions up to n = 11, and the 3d j -nf j Ј transitions up to n = 9. In all these cases, we check the quality of our functions created in an R = 220 a.u. cavity with N = 70 splines by comparing the nl j -nl j Ј Ј dipole matrix elements evaluated using the B-spline basis-set orbitals and directly obtained DF values.
C. Lifetimes in potassium
We calculate the lifetimes of the ns 1/2 ͑n =5-12͒, np j ͑n =4-12͒, nd j ͑n =3-10͒, and nf j ͑n =4-9͒ states in potassium using the SD results for dipole matrix elements and NIST data for energies ͓46͔. We list lifetimes ͑SD͒ obtained by the SD method in Table V and compare our values with available experimental ͓1,2,11,25,26,28͔ and theoretical ͓3,35͔ results. We also quote the SD scaled data where appropriate. We find that while the scaling significantly modifies certain small matrix elements, it does not significantly change ab initio lifetimes.
We already mentioned that the first lifetime measurements were published more than 50 years ago by Stephenson ͓4͔. The lifetimes of the 4p 1/2,3/2 ͑27.1Ϯ 0.9 ns͒ states were measured using a magnetic rotation method. Almost 50 years later, photoassociative spectroscopy was used to determine the lifetimes of the 4p 1/2,3/2 states ͓28͔. Our SD results are in excellent agreement with experimental results when experimental uncertainties are taken into account. The largest disagreement ͑about 15%͒ is between SD and expt for the 5d 3/2 and 6d 3/2 states. However, our SD value agrees better with the expt value for the 6d 3/2 state than the th value presented in the same paper as the expt value ͓25͔. We find similar comparisons for the 7d 3/2 , 8d 3/2 , and 9d 3/2 states. We already mentioned previously that for the np-nЈd transitions, the value of Z ͑BO͒ becomes very large and decreases the value of Z ͑DF+2+3͒ by a factor of 2 in comparison with the Z ͑DF͒ term. In these cases, triple excitations become important and need to be taken into account to improve results.
IV. STATIC MULTIPOLE POLARIZABILITIES OF THE 4s GROUND STATE OF NEUTRAL K
The static multipole polarizability ␣ Ek of K in its 4s ground state can be separated into two terms: a dominant first term from intermediate valence-excited states, and a smaller second term from intermediate core-excited states. The latter term is smaller than the former one by several orders of magnitude and is evaluated here in the randomphase approximation ͓62͔. The dominant valence contribution is calculated using the sum-over-state approach,
where C kq ͑r͒ is a normalized spherical harmonic and where nl j is np j , nd j , and nf j for k = 1, 2, and 3, respectively ͓63͔. The reduced matrix elements in the above sum are evaluated using the SD approximation for basis states with n ഛ 26, and in the DF approximation for the remaining states, scaling is included into E2 and E3 matrix elements. Contributions to dipole, quadrupole, and octupole polarizabilities of the 4s ground state are presented in Table VI . The first two terms in the sum over states for ␣ E1 , ␣ E2 , and ␣ E3 contribute 99.6%, 95.1%, and 44.6%, respectively, of the totals. The rapid convergence of the sum over states for ␣
E1
has been emphasized in many publications ͑for example, Refs. ͓3,40͔͒. We use recommended energies from ͓46͔ and SD wave functions to evaluate terms in the sum with n ഛ 13, and we use theoretical SD energies and wave functions to evaluate terms with 13ഛ n ഛ 26. The remaining contributions to ␣ Ek from basis functions with 27ഛ n ഛ 70 are evaluated in the DF approximation. As one can see from Table VI , sums over n for n ഛ 26 in ␣ E2 and ␣ E3 essentially reproduce the final results, since the contributions from 27ഛ n ഛ 70 are smaller than 0.01% in all cases.
Final results for the multipole polarizabilities of the ground state K I are compared in Table VI 
V. SCALAR AND TENSOR POLARIZABILITIES OF THE 4p EXCITED STATES OF K
The scalar ␣ 0 ͑v͒ and tensor ␣ 2 ͑v͒ polarizabilities of an excited state v of K are given by
As before, our calculation of the sums is divided into three parts. The first part is the sum over valence states with n ഛ 26, which is carried out using SD wave functions. The second part is the sum over basis states with n Ͼ 26, which is carried out in the DF approximation. The third part is the contribution from core-excited states, which is carried out in the random-phase approximation ͑RPA͒.
A breakdown of contributions to the scalar dipole polarizability for the excited 4p 1/2 and 4p 3/2 states is presented in Table VII . Contributions from the excited ns and nd states with n ഛ 26 differ only by 0.001%. Contributions from excited ns and nd states n Ͼ 26 are very small-␣ nϾ26 ͑4p 1/2 ͒ = 0.075a 0 3 , ␣ nϾ26 ͑4p 3/2 ͒ = 0.097a 0 3 -and are calculated in the DF approximation. We evaluate the contribution from ionic core ␣ core in the RPA and find ␣ core = 5.457a 0 3 . A counter term ␣ vc ͑4p j ͒ compensating for excitation from the core to the valence shell which violates the Pauli principle is also evaluated in the RPA and found to be ␣ vc ͑4p j ͒ = −0.000 15a 0 3 . The above values were combined to obtain our final result for the scalar polarizabilities of the first two excited states in K I: ␣ 0 ͑SD͒ ͑4p 1/2 ͒ = 604.1a 0 3 and ␣ 0 ͑SD͒ ͑4p 3/2 ͒ = 614.1a 0 3 . We present details of our calculation of the tensor polarizability ␣ 2 of the 4p 3/2 state in Table VIII . Reduced electric- dipole matrix elements evaluated in the SD approximation are given in columns labeled . The corresponding contributions to the tensor polarizability are given in columns labeled I nlj . The sum of contributions from the nd 3/2 and ns 1/2 intermediate states is almost compensated for by the contribution from the nd 5/2 states. The resulting contribution to ␣ 2 ͑4p 3/2 ͒ comes from states with n ഛ 26 and is equal to −107.9a 0 3 . Contributions from states with n Ͼ 26 give −0.005a 0 3 . States with n Ͼ 13 in our basis have positive energies and provide a discrete representation of the continuum. We find that the continuous part of spectra is responsible for 2% of ␣ 2 ͑4p 3/2 ͒. We evaluated the continuum contributions in the range 14Ͻ n ഛ 26 using SD wave functions for dipole matrix elements and energies. For n ഛ 13, we use SD matrix elements and NIST energies ͓46͔ in the sums. Our final result is ␣ 2 ͑SD͒ ͑4p 3/2 ͒ = −107.9a 0 3 . Our results for scalar and tensor polarizabilities of the 4p j excited states of potassium are compared with calculations in ͓30,39͔ and with experimental measurements reported by Marrus and Yellin ͓12͔ in Table IX . The Bates-Damgaard method was used by Schmieder et al. ͓30͔ and the timedependent gauge-invariant variational method was used by Mérawa and Bégué ͓39͔. The uncertainty in the experimental measurement ͓12͔ of the scalar polarizability is too large to reflect on the accuracy of the present calculations.
VI. HYPERFINE CONSTANTS FOR
39
K
Calculations of hyperfine constants follow the pattern described earlier for calculations of transition matrix elements. We find that the triple excitations are important for the hyperfine constants, so we conduct another all-order calculation with partial inclusion of the triple excitations; these results are referred to as SDpT values. In Table X , we list hyperfine constants A for 39 K and compare our values with available experimental data from Refs. ͓18,24,27,29͔.
In this table, we present the lowest-order A ͑DF͒ and allorder A ͑SD͒ values for the ns, np, and nd levels up to n =7. The magnetic moment and nuclear spin of 39 K used here are taken from ͓64͔. Our SDpT results are in very good agreement with experimental results for the ns and np 1/2 states when experimental uncertainties are taken into account.
The correlation correction for the nd 5/2 states is of the same order of magnitude as the DF value and has an opposite sign. With such large cancellations, it is difficult to calculate A͑nd 5/2 ͒ accurately. It should be noted that only for the A͑6d 5/2 ͒ value do we have perfect agreement with measurements given in ͓24͔ when experimental uncertainties are taken into account. Our SD results agree with experimental measurements A͑nd 5/2 ͒ ͓27͔ for A͑3d 5/2 ͒, however they disagree with sign. The sign of A͑5d 5/2 ͒ in Ref. ͓18͔ is uncertain. We did not find any experimental measurements for A͑4d 5/2 ͒ hyperfine constant.
Finally, we would like to demonstrate very smooth dependence of the A ͑SD͒ ͑nlj͒ hyperfine constants from principal quantum number n. In Fig. 1 , we present our A ͑SD͒ ͑nlj͒ values for the ns 1/2 , np 1/2 , np 3/2 , nd 3/2 , and nd 5/2 levels with n = 4 -13. It should be noted that the values of A ͑SD͒ ͑nd 5/2 ͒ are shown with opposite sign since we use a logarithmic scale.
VII. HYPERFINE-INDUCED TRANSITION POLARIZABILITY OF THE
K GROUND STATE
We now turn to the calculation of the quadratic Stark shift of the ground-state hyperfine interval ͑F =2−F =1͒ in 39 K.
The quadratic Stark shift is closely related to the blackbody radiation shift discussed, for example, in Refs. ͓47,65͔, and our calculation follows the procedure outlined in ͓47͔.
The dominant second-order contribution to the polarizability difference between the two hyperfine components of the 4s state cancels and, therefore, the Stark shift of the hyperfine interval is governed by the third-order F-dependent polarizability ␣ F ͑3͒ ͑0͒. The expression for the ␣ F ͑3͒ ͑0͒ has been given in ͓65͔
where g I is the nuclear gyromagnetic ratio, n is the nuclear magneton equal to 0.392 465 8 B in 39 K, I =3/ 2 is the nuclear spin, and j v =1/ 2 is the total angular momentum of the atomic ground state. The F-independent sums for T, C, and R ͉͑v͘ϵ͉4s 1/2 ͒͘ are given by Eqs. ͑5͒-͑7͒ by Beloy et al. ͓65͔ . 
͑5͒
in the DF approximation. Since the value of C DF is smaller than the T DF and R DF by three orders of magnitude, we did not recalculate the C term in the SD approximation.
The expression for R is similar to the one for ␣ E1 ͑0͒ ͓compare Eq. ͑1͒ and the expression for R in ͓65͔͔. The difference is an additional factor of the diagonal hyperfine matrix element, ͗4s 1/2 ʈTʈ4s 1/2 ͘ ͑SD͒ = 1.693 ϫ 10 −7 a.u.
We evaluate matrix elements ͗vʈrC 1 ʈn͘ in the SD approximation for n ഛ 26. We use recommended NIST energies ͓46͔ for n up to n = 13 and SD energies for 14ഛ n ഛ 26. The sum of terms for n ഛ 26 is R nഛ26 = 1.179ϫ 10 −3 . The remainder of the sum, evaluated in the DF approximation, R nϾ26 = 1.0 ϫ 10 −10 , is negligible.
The expression for T includes sums over two indices m and n. To calculate the dominant part of T, we limit the sum over m to six states ͑m =4p 1/2 , 4p 3/2 , 5p 1/2 , 5p 3/2 , 6p 1/2 , and 6p 3/2 ͒ and sum over n up to n = 26,
The sum of the six contributions from Eq. ͑6͒ is 9.307 ϫ 10 −4 . The ratios of contributions to the sum from the 4p to 5p states and 5p to 6p are equal to 46 and 5, respectively. The relatively small remainder T − T is evaluated in the DF approximation, leading to a final value T ͑SD͒ = 9.304ϫ 10 −4 . Combining these contributions, we obtain 2T SD + C DF + R SD = 2.110 ϫ 10 −3 a.u. ͑7͒
The F-dependent factor ͓see Eq. ͑4͔͒ Hz/ ͑V / m͒ 2 . In Table XI , we compare our SD value of k with available theoretical ͓31,32͔ and experimental ͓10,13͔ results. Our SD result is in better agreement with the experimental measurements than with theoretical results. It should be noted that the perturbation theory was used in both papers ͓31,32͔, however electron correlations were not included, as was underlined by ͓31͔.
The relative blackbody radiative shift ␤ is defined as
where hf is the 39 K hyperfine ͑F = 2 and 1͒ splitting equal to 461.719 720 2 MHz and T is a temperature equal to 300 K.
Using those factors, we can rewrite Eq. ͑8͒ as ␤ = − 1.865 ϫ 10 −11 ␣ hf ͑4s 1/2 ͒. ͑9͒
Using the SD value for ␣ hf ͑4s 1/2 ͒ = 5.996ϫ 10 −4 a.u., we obtain finally ␤ ͑SD͒ = − 1.118 ϫ 10 −14 . ͑10͒
VIII. CONCLUSION
In summary, a systematic RMBPT study of the energies of the ns 1/2 , np j , nd j , and nf j ͑n ഛ 6͒ states in neutral potassium is presented. The energy values are in excellent agreement with existing experimental data. A systematic relativistic MBPT study of reduced matrix elements, oscillator strengths, transition rates, and lifetimes for the first low-lying levels up to n = 7 is conducted. Electric-dipole ͑4s 1/2 -np j , n =4-26͒, electric-quadrupole ͑4s 1/2 -nd j , n =3-26͒, and electric-octupole ͑4s 1/2 -nf j , n =4-26͒ matrix elements are calculated to obtain the ground state E1, E2, and E3 static polarizabilities. Scalar and tensor polarizabilities for the 4p j excited state in K I are calculated including 4p j -nd j and 4p j -ns j matrix elements with high n up to n = 26. All of the above-mentioned matrix elements are determined using the all-order method. Hyperfine A values are presented for the first low-lying levels up to n = 7. The quadratic Stark shift of the ground-state hyperfine interval in 39 K I is also evaluated. These calculations provide a theoretical benchmark for comparison with experiment and theory. 
